This extracellular matrix contains several basement membrane components including laminin, but its composition changes during liver injury because of the production of extracellular matrix components found in scar tissue. These changes in extracellular matrix composition and in cell-extracellular matrix interactions may play a key role in hepatic stellate cell transdifferentiation. In this communication we used early passages of mouse hepatic stellate cells (activated HSC/ myofibroblasts) to study the platelet-derived growth factor BB (PDGF-BB)-dependent expression and regulation of ␤-dystroglycan and its role in activated HSC/myofibroblast migration. We used Northern and Western analysis to study dystroglycan expression and confocal microscopy to investigate changes in subcellular distribution of the protein. Activated HSC migration was investigated using an in vitro wound-healing assay. PDGF-BB induced significant changes in dystroglycan regulation and subcellular distribution of the protein.
HEPATIC STELLATE CELLS (HSC), the main collagen producing cells of the liver, are localized to the perisinusoidal space of Disse and are embedded in a loose connective tissue matrix. This space is devoid of a continuous basement membrane but contains collagens, laminins, and fibronectins (FN) (23) . Several liver cell types participate in the production of the extracellular matrix found in the space of Disse although HSC contribute to the production of type IV collagen and laminin (12) . Quiescent HSC are characterized by their high content of vitamin A and triglycerides that are the basis for their isolation (28) . Upon liver injury, HSC change phenotype and are transformed into myofibroblasts or activated HSC that express multiple growth factor receptors, including platelet-derived growth factor receptor-␤ (PDGF-␤r). Similar events to those observed in vivo during HSC activation can be reproduced when culturing the cells on plastic, collagen, and/or FN-coated culture dishes (21) . In contrast with these findings, cultureactivated HSC/myofibroblasts on a laminin-rich gel (Matrigel) stimulates the maintenance of a quiescent state (11) and reverts the myofibroblastic phenotype (31) .
Dystroglycan (DG) is a laminin-binding protein involved in cell-matrix interaction. It is produced as a large molecularweight protein that upon proteolytic cleavage generates the two DG subunits (␣ and ␤). The ␤-subunit has a molecular weight of 41-43 kDa and is inserted into the plasma membrane. The ␣-subunit has a molecular weight of 75 kDa, and following heavy glycosylation it binds to the extracellular domain of the ␤-subunit. The fully glycosylated subunit has a molecular weight of 120 -156 kDa (1) .
It has been suggested that DG plays an important role in organizing matrix components, integrating basement membranes, and in cell-matrix interactions (15) . Thus HSC may be bound to laminin within the space of Disse, and changes in the composition of the matrix after injury, namely the production of FN, could play a role in HSC activation that leads to cell migration. This is supported by the following information: 1) HSC express DG, and therefore they bind to laminin (2); 2) one of the proteins that is expressed shortly after injury is FN (22, 17) , and this protein enhances HSC activation (18) ; 3) recent studies showed that DG is part of the focal adhesion sites (3) and that O-mannosyl phosphorylation of ␣-DG is required for DG interaction with laminin (35) ; moreover, alterations in glycosylation of DG have been found in certain human and mouse muscular dystrophies (16); 4) changes in the concentration of DG modulate the size and number of adhesions formed (33) . These findings further stress the key role of DG in cell interaction with laminin and in maintaining healthy cell-matrix bonds.
As indicated previously, HSC activation is a complex process in which HSC undergo multiple changes in gene expression. Of particular interest are the expression of the PDGF-␤r and the PDGF-BB-dependent stimulation of activated HSC/ myofibroblast migration and proliferation. Therefore, as a first approach to study molecular events involved in activated HSC/myofibroblast migration, we investigated the role of PDGF-BB on DG expression and cellular localization. We also analyzed the effects of transforming growth factor (TGF)-␤1 on the expression of DG. In this communication, we show that mouse-activated HSC express a single DG transcript of 5.4 kb and produce both ␣-and ␤-subunits of this protein. We established that PDGF-BB modulates the expression of DG mRNA by transcriptional and posttranscriptional mechanisms. It increases the transcription of the gene but shortens its half-life by 50%. We also show significant changes in DG cellular distribution. In contrast with these findings, TGF-␤1 upregulates the expression of DG by a transcriptional mechanism.
MATERIALS AND METHODS
Materials. Nonessential amino acids, kanamycin, and penicillin/ streptomycin were purchased from Life Technologies (Grand Island, NY). PDGF-BB, TGF-␤1, and tumor necrosis factor-␣ (TNF-␣) were purchased from Roche Diagnostic (Indianapolis, IN). Actinomycin D and cycloheximide were purchased from Sigma Chemical (St. Louis, MO). The random priming labeling kit, [ 32 P]-dUTP, and [ 32 P]-dCTP were obtained from Amersham International (Arlington Heights, IL). The monoclonal antibody against the COOH terminus of ␣-DG and the Cy5-labeled goat anti-rabbit antibody were obtained from Chemicon International (Temecula, CA). The Cy3-labeled rabbit anti-mouse antibody was obtained from Jackson Immunoresearch Laboratories (West Grove, PA). The monoclonal antibody against ␣5-integrin and the polyclonal antibody against laminin-␤1 were bought from Santa Cruz Biotechnologies (Santa Cruz, CA). The horseradish peroxidaseconjugated goat anti-mouse secondary antibody was obtained from Cell Signaling Technology (Danvers, MA). The Alexa Fluor 594 chicken anti-goat IgG (H&L) and the Alexa Fluor 488 anti-rabbit IgG (H&L) fluorescent antibodies were bought from Molecular Probes (Eugene, OR). The forward and reverse mouse qPCR primers used for ␤-DG quantification of mRNA expression were 5=-TTAGCAACTGGTGGCT-TGAAC-3= and 5=-ACAGACAGGAGGAGGAGAAAG-3=, respectively (Genbank Accession Number NM_010017.3). The forward and reverse mouse qPCR primers used for S18 were 5=-CAGAAGGATGT-GAAGGATGG-3= and 5=-CAGTGGTCTTGGTGTGCTGA, respectively (Genbank Accession Number NM_011296.2). The primers were bought from Integrated DNA Technologies (Coralville, IA).
Isolation and culture activation of HSC. For these experiments we used pools of livers obtained from BC6D2F2 mice (a hybrid cross derived from the C57BL/6 and DBA/2 strains). The cells were a gift from Dr. Francesco Ramirez at the Mount Sinai School of Medicine, as well as previously euthanized mice, which were used to obtain additional cells. All animal protocols were approved by the Ethics Committee at the George Washington University Medical Center. The livers were chopped into very small fragments using a sharp razor blade and washed twice with PBS to remove blood. The liver fragments were washed once with Leffert's solution containing EGTA and then twice with Leffert's buffer to remove EDTA (6) . Fragments were then digested for 30 min at 37°C with a mixture of collagenase, protease, and DNaseI dissolved in Leffert's buffer containing 5 mM CaCl 2. After digestion, the cell suspension was centrifuged at 500 g for 2 min to remove hepatocytes and debris. The cells remaining in the supernatant (nonparenchymal cells) were pelleted after centrifugation at 1,350 g for 5 min. The pellet was resuspended in 15 ml of a 25% Optiprep solution (Sigma), overlaid with 15 ml of a 17% solution of Optiprep followed by 10 ml of Hanks' basic salt solution. After centrifugation at 1,350 g for 20 min, the cells in the interface between the Hanks' solution and 17% Optiprep layers were aspirated and washed twice with Hanks' solution. Half the cells were frozen and used for RNA extraction as described below, and the other half were culture activated for 7 days. Total RNA from the cultured cells was extracted with Trizol (Invitrogen, Carlsbad, CA) as described (7) . For other experiments, cells in their activated phenotype (between passages 5 and 7) were incubated at 37°C with 5% CO 2 in MEM (Mediatech, Herndon, VA) supplemented with 10% FBS (Hyclone, Logan, UT), nonessential amino acids, kanamycin, and penicillin/ streptomycin. Sixteen hours before performing the experiments, the culture medium was replaced by a serum-free medium containing 0.2% BSA fraction V (Sigma), and cells were maintained in this medium throughout the duration of the experiment. To test the effect of growth factors and cytokines on the expression of dystroglycan mRNA, culture-activated HSC/myofibroblasts were incubated with PDGF-BB (50 ng/ml), TGF-␤1 (8 ng/ml), or TNF-␣ (20 ng/ml). In some experiments, the following inhibitors of transcription and protein synthesis were added 30 min before cytokine or growth factor administration: actinomycin D (10 g/ml) and cycloheximide (0.3 mmol/l). Clones CFSC-8B and CFSC-2G that were cloned from an HSC isolated from a cirrhotic rat liver (14) have been previously characterized (13) . Hepatocytes were isolated from rat liver by collagenase perfusion as described (26) .
RNA extraction and Northern blot analysis. Total RNA was extracted from cell cultures and isolated rat hepatocytes by the method of Chomzcynski and Sacchi (8) . Northern blot assays were performed using 15 g of total RNA per lane, electrophoresed onto 1% denatured formaldehyde-agarose gels, transferred to Gene-Screen membranes (NEN Life Science Products, Boston, MA), and cross linked with a UV Stratalinker 1800 (Stratagene, La Jolla, CA). Membrane hybridization was performed using [␣-
32 P]-labeled cDNA probes for DG and riboprotein S14. In experiments performed with actinomycin D, an S18 probe was used because S14 mRNA was rapidly degraded by this treatment (ATCC, Rockville, MD). The cDNA probe of DG was synthesized from total mHSC RNA by RT-PCR (4). The rabbit DG sense 5=-GCCCTGGAGCCTGACTTTAAGGC-3= and the antisense primer 5=-TCGTCCAGCTCGTCTGCAAAGA-3=, corresponding to nucleotide sequences 2252-2274 and 2565-2577, respectively, have been previously described (30) . RT-PCR was performed using the ABI 2720 Thermal Cycler (Foster City, CA). The PCR product was cloned into the pCR 2.1 vector using the TA Cloning Kit (Invitrogen). Transformed bacteria were screened onto Luria broth agar plates containing 10 mg/ml ampicillin (Life Technologies) with the selection of a single positive clone. The size of the RT-PCR product and its nucleotide sequencing were identical to that expected for the sequence of mouse DG. The signals from cDNA S14 riboprotein and S18 ribosomal subunit were used to control the loading differences. Northern hybridizations were performed under stringent conditions as previously described (13, 14) . Values are reported as the means of triplicate experiments Ϯ SE.
In vitro transcription assays. mHSC were grown in 75-cm 2 flasks and serum starved, as described above. Nuclear extraction and hybridization were performed as previously described (32) . Signal intensities were determined by phosphorimaging or by X-ray film analysis. Unless otherwise indicated, all the values are expressed as the means of triplicate experiments Ϯ SE.
Western blot analysis. Whole cell protein extracts of cultureactivated mHSC/myofibroblasts were prepared with lysis buffer (20 mM Tris pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM Na3VO4, 1% Triton X-100, 1 mM PMSF, 1 g/ml each leupeptin, antipain, chymostatin, and pepstatin). Protein concentration was determined using the bicinchoninic acid assay according to the manufacturer's instructions (Pierce Chemical, Rockford, IL). SDS-polyacrylamide gel (12%) electrophoresis was performed using 5 g of protein (20) and transferred to Immobilon-P membrane (Millipore, Bedford, MA). The membranes were blocked overnight with 5% non-fat dry milk in Tris-buffered saline solution containing 0.1% Tween-20, incubated with a mouse monoclonal anti-␤-DG antibody (dilution 1:750) for at least 2 h, followed by one additional hour with horseradish peroxidase-conjugated goat anti-mouse secondary anti-body (dilution 1:3,000), and developed using the Supersignal West Pico enhanced chemiluminescence system (Thermo Scientific, Waltham, MA). Membranes were stripped and reprobed with mouse monoclonal anti-␤-actin primary antibody (Sigma) to normalize protein loading differences. Quantitative results were obtained by densitometric analysis using UN-Scan-It software (Silk Scientific, Orem, UT). Values are expressed as the means of triplicate experiments Ϯ SE.
Wound healing in vitro assay. Activated mHSC/myofibroblasts were grown to confluence, and, after 24 h of incubation with a serum-free medium containing 0.2% BSA, a mechanical wound was made in the center of the culture with a 200-l pipette tip. The monolayer was washed twice with PBS, and the cells were cultured with serum-free medium. Approximately 30 min before adding 50 ng/ml of PDGF-BB to the cells, the following antibodies were added to the culture at a 1:100 dilution: anti-␤1-laminin (Santa Cruz Biotechnologies), anti-␤-DG (Developmental Studies Hybridoma Bank, Iowa City, IA), anti-FN (Telios Pharmaceuticals, San Diego, CA) and anti-␣5-integrin. At the various time points shown in the figures, multiple pictures of the wound were taken using a ϫ20 objective of the Nikon Inverted Microscope. Quantitative analysis was performed with a grid measuring the size of the wound using Adobe Photoshop Elements 6.0 software. The values represent the average of 25 measurements taken from multiple pictures of triplicate experiments. Values are expressed as percent closure compared with controls Ϯ SE.
Dual confocal immunomicroscopy. Activated mHSC/myofibroblasts were seeded on cover slips placed in sterile Petri dishes and cultured as described. When cells were semiconfluent, the culture medium was replaced with a serum-free medium, and the cells were cultured for an additional 16 h. PDGF-BB (50 ng/ml) was added, and mHSC were cultured for an additional hour. Cover slips were then rinsed with PBS, fixed in 4% formaldehyde for ϳ10 min, rinsed with PBS, and blocked with 1% bovine serum albumin for 1 h. Cover slips were incubated overnight in a humidified chamber with either primary antibodies against ␣5-integrin (1:10 dilution) or FN (1:10 dilution) alone or antibodies to ␤-DG (1:10 dilution) and laminin (1:10 dilution). After several washes with PBS, cover slips were incubated for 1 h in the dark, at room temperature with either one of the following fluorescently tagged antibodies: for DG the antibody used was Cy3-labeled goat anti-rabbit (1:300 dilution); for laminin the antibody used was Cy5-labeled goat anti-rabbit (1:300 dilution); for FN the antibody used was Alexa Fluor 594 chicken anti-goat (1:750 dilution); and for ␣5-integrin the antibody used was Alexa Fluor 488 goat anti-rabbit (1:750 dilution). Cover slips were then washed several times with 0.1% Tween-20/PBS and were mounted onto glass slides with GelMount (Biomeda, Foster City, CA). Images were obtained using the Zeiss LSM 510 Confocal Microscope and processed with Volocity 5.0 software (PerkinElmer, Waltham, MA).
Statistical analysis. All the experiments were performed at least in triplicate, and data are expressed as means Ϯ SE. Statistical differences between experimental groups were analyzed by Student's t-test, and values equal or smaller than P Ͻ 0.05 were considered to be significant (Microsoft Excel 2003). To determine the significance of data in Fig. 2 we used ANOVA (see the corresponding legend to Fig. 2) .
RESULTS
HSC express a single transcript of 5.4 kb. Using the primers described in MATERIALS AND METHODS and total RNA obtained from early passages of activated mHSC/myofibroblasts, we obtained an amplicon containing 848 bp, whose nucleotide sequence corresponded to DG (Fig. 1A) . Using this cDNA as a probe, we demonstrated that activated mHSC/myofibroblasts express a single transcript of 5.4 kb (Fig. 1B) . Whereas activated mHSC/myofibroblasts and two rat HSC cell lines ex- Fig. 1 . Activated hepatic stellate cell (HSC)/myofibroblasts express a single ␤-dystroglycan (DG) transcript of 5.4 kb. A: expression of DG mRNA was determined by RT-PCR using total RNA obtained from early passage-activated mHSC/myofibroblasts. As expected from the position of the primers used (1228 -1253 to 2102-2126), an amplicon of 848 bp was obtained. The amplicon was purified from agarose gels, sequenced, and cloned into the EcoR1 restriction site of the PCR 2.1 vector (Invitrogen). After growing the plasmid, the insert was removed with EcoR1, purified, labeled with ␣ 32 P, and used as a probe for Northern analysis (see MATERIALS AND METHODS). B: Northern analysis of DG mRNA expression in activated mHSC/myofibroblasts, 2 rat HSC cell lines (CFSC-8B and CFSC-2G), and rat hepatocytes. As shown, the expression of ␤-DG in isolated rat hepatocytes was very low and reflected the 5% contamination of this fraction with HSC. All the HSC assayed showed a single transcript of 5. pressed DG mRNA, levels of expression in hepatocytes were very low and reflected the 5% contamination of this fraction with HSC (Fig. 1B) . It has already been reported that freshly isolated human HSC express DG mRNA and protein (2). Here we show that freshly isolated mouse HSC also express DG mRNA and that its expression is upregulated after culture activation (Fig. 1C) . Culture activated mouse HSC (4 -5 passages) produce ␣-and ␤-DG subunits with molecular weights of 190 kDa and 43 kDa, respectively. Once established that activated mouse and rat HSC express DG mRNA, we investigated levels of protein produced as well as their cellular localization. With the use of a specific antibody to the ␤-DG subunit, Western blot analysis revealed that activated HSC produce the ␤-DG subunit with a molecular weight of 43 kDa. This molecular weight is similar to that described in many cells including rat and human HSC (2) (see Fig. 1D ). Western analysis with an antibody to the ␣-DG subunit revealed the presence of several bands, of which the major one was 190 kDa in size (Fig. 1D) . This diversity is similar to that reported by others (1) . Although the nature of the various bands is unknown, the larger molecular weight bands could correspond to aggregates and/or the primary translation product before being processed into ␣-and ␤-DG subunits. Because of the multiple bands recognized by this antibody, no attempts were made to study the cellular localization or actual protein levels of the ␣-subunit. Therefore, unless otherwise indicated, all further studies described below were performed using activated mHSC and with antibodies to the ␤-DG subunit.
Time-course analysis of DG mRNA expression. Time studies revealed that the expression of DG mRNA by culture-activated HSC/myofibroblasts is constant for roughly 6 h, after which time it steadily increased, and by 24 h values were 57 Ϯ 0.6% (P ϭ NS) above those found at zero time. PDGF-BB did not have a significant effect on the expression of DG mRNA and followed the levels of the untreated control, except for a fast decrease after 30 min that was recovered after 1 h (P ϭ 0.032). TGF-␤ upregulated the expression of DG mRNA, transiently reaching maximum levels by 6 h (1.9 Ϯ 0.17, P ϭ 0.037), after which time values decreased below those found in untreated controls by 24 h [1.02 Ϯ 0.02 (P ϭ NS) ( Fig. 2A) ]. Figure 2B corresponds to the representative Northern blots. In agreement with the lack of significant changes in DG mRNA, protein levels were more or less constant (Fig. 3) . However, as shown below (Fig. 7B) , the subcellular localization of the protein changed after PDGF-BB administration.
Different regulatory mechanisms are involved in PDGF-BBand TGF-␤1-mediated modulation of DG expression.
To further investigate molecular mechanisms involving PDGF-BB and TGF-␤1 regulation of DG mRNA expression, we investigated whether DG was transcriptionally regulated and whether de novo protein synthesis was required for its expression. Run-on transcription assays performed 6 h after PDGF-BB administration revealed a significant increase in DG transcription [4.5 Ϯ 0.8-fold, P Ͻ 0.05 (Fig. 4) ]. This result was unexpected on the basis of the lack of a significant effect of PDGF-BB on DG steady-state mRNA levels (see Fig. 2A ). As also shown in Fig. 4 , TGF-␤1 increased transcription of the DG gene 2.8 Ϯ 0.4-fold (P Ͻ 0.05). As a negative control for this experiment, we tested the effect of TNF-␣ because this cytokine opposes some TGF-␤-mediated effects. As illustrated in PDGF-BB shortened the half-life of DG-mRNA. Because of the significant differences between steady-state and transcription levels, we considered it necessary to investigate whether PDGF-BB and TGF-␤ had any effect on DG mRNA half-life. As illustrated in Fig. 5 , incubation of activated HSC/myofibroblasts with actinomycin D, an inhibitor of transcription, resulted in a steady decrease in DG mRNA levels. From the slopes of the curves obtained (see Fig. 5 ), we estimated that the half-life of DG mRNA in control untreated HSC was ϳ11.5 h. TGF-␤1 had no effect on DG mRNA half-life, and values were similar to those obtained in control cells treated with actinomycin alone. However, PDGF-BB shortened DG mRNA halflife by 50% (6 h). Because TNF-␣ downregulated DG transcription, we also determined the half-life of DG in TNF-␣-treated HSC. As shown in Fig. 5 , TNF-␣ shortened the half-life of DG to 3 h (75% below control levels). Representative Northern assays for these experiments are shown in Fig. 2B .
PDGF-BB and TGF-␤1 upregulate DG expression by a de novo protein synthesis-dependent mechanism.
Additional experiments demonstrated that PDGF-BB-and TGF-␤1-mediated upregulation of DG mRNA was de novo protein synthesis dependent. Cycloheximide, at a dose that inhibits protein synthesis in activated HSC by 95%, decreased basal expression of DG by 91.3 Ϯ 12.2% (P Ͻ 0.01) and inhibited the PDGF-BB and TGF-␤1-dependent upregulation of this message by 90 Ϯ 10.0% (P Ͻ 0.01) and 84 Ϯ 3.8% (P Ͻ 0.01), respectively (see Fig. 6 ). It is important to mention that, at the time of harvesting activated HSC/myofibroblasts, their viability was 90% as determined by Trypan blue exclusion.
PDGF-BB induces a significant change in the cellular localization of DG, laminin, FN, and ␣5-integrin. Immunofluorescent confocal microscopy using antibodies to DG (red) and laminin (green) revealed that DG protein is localized around the nucleus and also in some areas corresponding to the cell surface (Fig. 7A, a) . Likewise, laminin exhibits similar localization as DG. Merging of both channels showed that DG and laminin colocalized preferentially to the perimeter of the nucleus (shown in yellow) (Fig. 7A, d) .
Upon treatment of activated HSC/myofibroblasts with PDGF-BB, the cells change morphology, becoming more elongated, with their main diameter decreasing in size and the cells appearing to be longer, more mobile, and emitting very long projections. In addition, as shown in Fig. 7B , a, DG changes location and accumulates on the projections with a heavier intensity in the area beneath the center of the projections. Similarly, laminin also redistributes after PDGF-BB treatment and colocalizes with DG to the projections (Fig. 7B, b,  c, and d) .
Because FN is one of the proteins deposited into the space of Disse immediately after liver injury (22), we investigated the cellular distribution of FN and its receptor, ␣5-integrin, in control and PDGF-BB-treated activated HSC. Immunofluorescent confocal microscopy with antibodies to FN and integrin revealed intense fluorescent staining for FN (red) and ␣5-integrin (green) all over the cell but especially on the lateral side (Fig. 8A, a and b, respectively) . When merged, the colocalization of both proteins is clearly demonstrated (Fig.  8A, c and d) .
Upon treatment with PDGF, the two proteins redistributed and colocalized on the cell surface, showing also a light punctuated staining along the projections of the cells (Fig. 8B,  a and b, respectively) . This is clearly illustrated after merging of both channels (Fig. 8B, c) . In contrast with the localization of DG and laminin, FN and ␣5-integrin staining is more intense on the lateral cell surface of the cell, whereas staining of the projections is less intense.
Activated HSC/myofibroblasts appear to migrate on a FN carpet but require laminin for attachment.
To study the role of DG in cell attachment and migration, we used the woundhealing system described in MATERIALS AND METHODS. Migration of activated HSC/myofibroblasts into the wounded area was stimulated by the addition of 50 ng/ml of PDGF to the cultures. Negative controls were maintained in a serum-free, PDGF-free culture medium. The size of the wound was determined at the In control HSC (OE), ␤-DG mRNA increased slowly with time, but values did not reach statistical significance. In platelet-derived growth factor-BB (PDGF-BB)-treated activated mHSC/myofibroblasts (□), changes in mRNA expression were similar to those observed in untreated controls (P ϭ 0.032). Signal intensities of autoradiographies were determined by densitometric analysis. Values were calculated as fold change compared with time zero and are means Ϯ SE of 3 experiments after correcting for loading differences using expression of S14 mRNA as an internal control. *P Ͻ 0.05 was considered significant. Statistical analysis was performed using ANOVA. B: representative Northern blots. Each set corresponds to independent experiments and include time zero controls as well as the untreated controls harvested at the same time points as the cultures treated with the corresponding cytokines/growth factors. Act D, actinomycin D.
various time points indicated in the figures. The size of the wound obtained 24 h after PDGF-BB treatment was considered to be 100% closure.
To test the role of DG, laminin in cell migration, cells were incubated with the corresponding antibodies at the concentrations indicated in the legends to the figures. Control activated HSC/myofibroblasts cultured in a PDGF-BB-free medium showed some remnant migration but did not close the wound after 24 -48 h (23.7% Ϯ 1.18, P Ͻ 0.001) (see Fig. 9, A and B) . In PDGF-BB-treated activated HSC/myofibroblasts, the wound was almost completely closed by 12 h (71.1% Ϯ 2.8, P ϭ 0.004), and by 24 h the wound was completely covered with cells (98.1% Ϯ 2.4, P ϭ 0.02) (see Fig. 9, A and B) . Incubation with antibodies to DG inhibited wound closure by (25% Ϯ 3.4, P ϭ 0.001). Antibodies to laminin did not appear to inhibit cell migration during the first 12 h (39.5% Ϯ 3.7, P ϭ 0.01) (Fig.  9, A and B) . However, by 24 h the wound was wider and the monolayer was disorganized (Ϫ62.7% Ϯ 0.57, P ϭ 0.02). Figure 9A shows that antibodies to FN had a similar effect as those to laminin, and, although the cells appear to migrate initially, the wound was wider after 24 h (12.9% Ϯ 2.1, P ϭ 0.03). Antibodies to ␣5-integrin completely prevented cell migration, and the wound widened by 24 h (Ϫ24.8% Ϯ 1.5, P ϭ 0.6). These findings suggest that antibodies to laminin, . Run-on transcription assays revealed increased transcription induced by TGF-␤ and PDGF-BB treatment. Run-on transcription assays were performed with nuclei obtained from control untreated, PDGF-BB-, and TGF-␤1-treated activated mHSC/myofibroblasts. Tumor necrosis factor (TNF)-␣ was used as a negative control, as this cytokine generally exerts the opposite effects of TGF-␤. Total RNA was extracted 6 h after the addition of the cytokine and processed as described in MATERIALS AND METHODS. Signal intensities of autoradiographies were determined by densitometric analysis. Values were corrected for loading differences using signals obtained with S14 as controls. Values are expressed as fold increase compared with identical time-point controls and are means Ϯ SE of Ն3 experiments. *P Ͻ 0.05 vs. untreated controls. FN, and ␣5-integrin not only inhibited wound healing but promoted disorganization of the monolayer and cell detachment.
DISCUSSION
The expression of PDGF-␤r has been considered a hallmark of HSC activation and the expression of PDGFs as the main growth factors that induce proliferation and migration (10) . However, the various extracellular matrix components to which quiescent HSC bind in the space of Disse and the receptors utilized remain to be fully elucidated. Similarly, the changes in cell adhesion and migration that occur during activation need to be further investigated.
The space of Disse contains numerous extracellular matrix components including basement membrane proteins and HSC that are embedded in this loose connective tissue (22, 23) . In their quiescent state, HSC produce mainly collagen ␣1(III), ␣1(IV), and laminin B1. However, the expression of FN is not detected (12) . As shown by others (2) as well as in this study, quiescent HSC express DG mRNA, albeit levels of this mRNA are low. During liver injury there are quantitative and qualitative changes in the composition of the extracellular matrix in the space of Disse (24) . It has been suggested that these changes, namely the expression of laminin and DG may play a key role in the organization of a basement membrane during the capillarization of the space of Disse (2) . However, as shown in this study, the expression of DG and laminin and the changes in cellular distribution could also play a role in cell migration during activation of HSC. Culture-activated HSC/ myofibroblasts also express FN (9, 25), a protein known to induce the activated phenotype of HSC (25) . As shown in this work, culture-activated HSC/myofibroblasts express ␣5-integrin, and this FN receptor colocalizes with FN. It is of significance that the cellular distribution of laminin and FN and their respective receptors DG and ␣5-integrin change their cellular distribution after incubation with PDGF-BB. Whereas laminin and DG are localized primarily on the long extensions of HSC, FN and ␣5-integrin colocalize all around the cell surface of the cells (Figs. 7 and 8 ). It has been suggested that PDGF-induced migration is associated with cell proliferation (29) . Because PDGF-BB induces cell proliferation and migration of activated HSC/myofibroblasts, the expression and reorganization of extracellular matrix and their receptors may play a role in cell migration. As also shown in this study, antibodies to either laminin, FN, DG, and ␣5-integrin prevented PDGF-BB-induced cell migration and in some instances disturbed the monolayer with a significant detachment of the cells (Fig. 9) .
Overall, these and other data in the literature show that PDGF-dependent migration in activated HSC/myofibroblasts is a complex process that includes several matrix components, different matrix receptors, and metalloproteinases (34, 5) . It has been shown that inhibition of vitronectin expression results in the abrogation of activated HSC/myofibroblast migration (27) .
Activated HSC/myofibroblasts express several metalloproteinases (19) , and some of them are involved in cell migration. It has been shown that inhibition of matrix metalloproteinases 2 and 9 expression results in the inhibition of activated HSC/ myofibroblast migration (34) . These findings are similar to those described in malignant cells in which the same metalloproteinases are involved in tumor migration and metastasis (8) .
Regulation of the expression of DG is also complex, as transcriptional and posttranscriptional mechanisms are involved in its expression. Whereas PDGF induced the transcription of the gene, it also shortened the half-life of the mRNA. Thus the increased transcription was not reflected in increased expression of DG mRNA, as the half-life of the mRNA was shortened by 50%. It is important to mention that, although PDGF-BB induced the redistribution of DG on the cell surface, it had no effect on total protein as determined by Western analysis. In contrast with these findings, TGF-␤ induced a transient elevation of DG mRNA that was associated with increased transcription of the gene but did not change the level of DG protein. Altogether these findings suggest that DG regulation is quite complex and includes transcriptional and posttranscriptional mechanisms that could perhaps include the rapid degradation of the DG as the cells migrate, such an event could be the trigger for the increased transcription of the DG gene observed with PDGF-BB-and TGF-␤1-treated activated HSC/myofibroblasts. Altogether, these findings as well as those of others (2), show the importance of cell-matrix interactions in maintaining homeostasis. A better understanding of these interactions and the changes occurring during HSC activation could result in the development of novel targets to prevent the development of hepatic fibrosis.
